A rapid and sensitive procedure for estimating low numbers of Clostridium perfringens has been investigated and compared to methods used currently in the food industry. The new liquid medium, RPM (rapid perfringens medium), was compared with sulfite-polymyxin-sulfadiazine agar and tryptose-sulfite-cycloserine agar in recovery studies with naturally contaminated and with inoculated foods. 
Several media are currently available for the selective isolation of Clostridium perfringens. Basically, the media are similar in their mode of action in that they rely on the ability of C. perfringens ro reduce sulfite to sulfide, thereby producing black colonies. Since many other organisms (i.e., Enterobacteriaceae) have the ability to reduce sulfites, a variety of selective agents are incorporated into these media to suppress competing growth. Among the media most commonly employed are SPS (sulfite-polymyxin-sulfadiazine) (2) , SFP (Shahidi-Ferguson perfringens) (10) , TSC (tryptose-sulfite-cycloserine) (5) , and TSN (tryptose-sulfite-neomycin (9) . SPS incorporates two antibiotics to suppress the growth of sulfite-reducing Enterobacteriaceae and many other facultative anaerobes, including strains of Pseudomonas and Bacillus. However, low recoveries of C. perfringens in commercially prepared SPS have been reported by L. F. Harris and J. V. Lawrence (Bacteriol. Proc. 70:6, 1970), Hauschild et al. (7) , and Harmon et al. (5) . Marshall et al. (9) developed TSN agar and concluded that it was superior to commercial preparations of SPS. However, it was shown that TSN inhibits a number of strains of C. perfringens (5, 6) . SFP agar appears to be excellent for the quantitative recovery of C. perfringens (10), but lacks the selectivity of the other two media. A large number of facultative anaerobes, including many sulfite-reducing strains, were not suppressed by the antibiotic system in this medium. The TSC medium developed by Harmon et al. (6) Media. Dehydrated SPS agar (Difco) was prepared according to label instructions and only used on the day of preparation. TSC agar without egg yolk was prepared as described by Harmon (4) . The medium was used only on the day of preparation.
The RPM developed in this work consisted of two solutions (A and B) which were prepared independently in double-strength concentrations, autoclaved, cooled, antibiotic fortified, and mixed in sterile screwcapped glass tubes. Solution A consisted of 140 g of litmus milk powder (Difco) in 1 liter of distilled water. This was autoclaved (15 lb/in2) in flasks for 5 min and cooled, and 150 mg of neomycin sulfate (Calbiochem, B-grade) and 25 mg of polymyxin B sulfate (Calbiochem, B-grade) were added. Solution B contained the following: fluid thioglycolate medium (Difco), 60 g; gelatin, 120 g; peptone, 10 g; glucose, 10 g; K2HPO4, 10 g; yeast extract, 6 g; NaCl, 3 g; ferrous sulfate, 1 g; and distilled water, 1 liter. This preparation was boiled gently to dissolve the gelatin, and 5-ml amounts were dispensed in tubes and autoclaved for 5 min. The final medium was prepared by aseptically adding 5 ml of A to each tube of B. The tubes were tightly capped, inverted several times to facilitate mixing, and stored at 40C.
Isolation and confirmation of C. perfringens.
For purification of cultures, samples from RPM tubes exhibiting a stormy fermentation were streaked on both Columbia blood agar 5% (Scott Lab 5% sheep blood) and Willis-Hobbs medium (2) and incubated anaerobically at 37°C for 24 to 48 h. The latter medium contains egg yolk and was used also for the detection of lecithinase activity. The plates were visually examined for typical C. perfringens colonies. Criteria included lecithinase production, general morphology, and double zone hemolysis. Individual colonies were picked to freshly steamed tubes of fluid thioglycolate medium and incubated at 37°C for 24 h. After incubation, samples from tubes exhibiting heavy frothing (gassing) were examined microscopically by using phase optics and were streaked onto Columbia blood agar (aerobic incubation) to test for contaminants. Biochemical confirmation tests. Isolates from RPM were confirmed as C. perfringens by using the following media: 1% phenol red glucose, 1% phenol red lactose, 1% phenol red sucrose, 1% phenol red mannitol, nitrate broth (Difco), motility agar (Difco), and nutrient gelatin (Difco). The four phenol red sugar broths were prepared (Baltimore Biological Laboratory) and dispensed in 10-ml amounts into screwcapped glass tubes. The other media were prepared according to manufacturer's instructions and dispensed in 10-ml amounts in screw-capped glass tubes. After adding 0.1 ml of 10% filter-sterilized sodium thioglycolate, all tubes of media were steamed 5 to 10 min to drive off residual oxygen. Inoculated tubes were read after incubation at 37°C for 24 h.
An isolate was confirmed as C. perfringens if it was an obligate anaerobe (did not grow on the aerobic blood agar plate)-the wet mount revealed asporogenous, nornotile large rods, usually arranged in pairs, singles, and short chains-and if the biochemical pattem was typical. Classical strains of C. perfringens fernent glucose, sucrose, and lactose; do not ferment mannitol; reduce nitrates to nitrites; and liquefy gelatin.
Isolates from SPS agar were confirmed by the nitrate-motility reactions, as determined by the methods of Angelotti et al. (1) .
Anaerobiosis and incubation. The Baltimore Biological Laboratory GasPak system was used for incubation of plates under anaerobic conditions. This was not necessary for RPM and the biochemical identification media because thioglycolate and other reducing agents plus the depth of the medium provided sufficient anaerobiosis for the growth of C. perfringens. All plating and biochemical confirmatory media were incubated at 37°C for 24 to 48 h. The RPM medium was incubated at 46 to 48°C for 24 h.
Inocula. A 24-h thioglycolate broth culture of C.
perfringens was used for the food inoculation studies.
A direct count using a Petroff-Houser slide chamber was used to determine the approximate population levels. Cultures were serially diluted in 0.1% peptone water to obtain ca. 106, 104, and 102 cells per g of food.
RESULTS AND DISCUSSION A preliminary study was undertaken with A number of experiments were performed to investigate the utility of the new medium. The six strains of C. perfringens (24-h cultures) were diluted to three levels (102, 104, and 106) with 0.1% peptone water. Ten grams of blended raw chicken liver was mixed with 0.1 ml of each dilution in a plastic bag and incubated for 24 h at 370C to afford growth of the inocula as well as any natural contaminants present. In Table  1 the recovery of inoculated C. perfringens is compared by using the RPM and SPS methods. In every instance the recovery level was higher in the RPM series.
In another experiment dealing with laboratory-contaminated foods, three classes of foods (raw meats, soups, and gravy) were inoculated with ca. 103 cells of C. perfringens. The six strains were inoculated independently into plastic bags containing the specific food product, which were sealed and incubated as described above. The products were then blended and serially diluted in 0.1% peptone water, and the dilutions (102, 103, and 104) were examined comparatively for the presence of C. perfringens by using both methods. Table 2 shows that C. perfringens was easier to detect by using the new medium. Although both Tables 1 and 2 show significantly better recovery with RPM, the differences are not great compared to those found with SPS. In both experiments, actively growing, vegetative cells were used as the inocula and the products favored their increased proliferation.
Another series of experiments was undertaken to see whether the new medium was more useful for detection of C. perfringens in naturally contaminated food products. A wide variety of prod- 71% of the 85 samples with RPM and isolated from only 14% with TSC.
In every category, with the exception of the dried dog food and the dried gravy base, RPM was superior. This was especially evident with spices. The vast majority of the food products tested were expected to contain high levels of naturally contaminating endogenous flora. Most of the spices had spore counts greater than 106/ g. It was also assumed that the contaminating microflora was primarily spore formers due to the desiccated nature of the products and the methods associated with their manufacture.
Apparently RPM stimulates the germination of C. perfringens spores. This could result from a combination of several factors, including the fortified composition of the medium and the high temperature of incubation.
In another experiment RPM and SPS were compared for their ability to enumerate C. perfringens levels in various food products and soil (Table 5 ). Fourteen samples were tested, and in each instance RPM yielded higher recovery levels than SPS pour plates.
The greater sensitivity and selectivity of RPM was emphasized by the fact that even though the food products contained low to moderate levels of C. perfringens, RPM consistently detected higher numbers. In each case where RPM was recorded as positive (i.e., showed stormy fermentation), isolates were confirmed biochemically as C. perfringens. Two minor problems were noted with the RPM methodology. First, the initial preparation of the medium is somewhat laborious. However, the medium can be made up in large batches and stored at 40C for an indefinite period. No decline in selectivity or sensitivity was noted in media stored up to 3 months. Second, due to the high glucose and peptone content of the media, a rapid reduction in pH is noted during stormy fermentation. The final pH of the broth after stormy fermentation is between 4.0 and 4.5. Usually within 30 to 60 h, the organisms have been greatly reduced in 
